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Abstract 
This paper aims to investigate the effects of heat treatment and magnetic field on the machinability responses during turning process of 
mild steel. Investigation of machinability has been studied by considering the tool life, surface roughness and chip morphology. The effect 
on the rise in temperature during the turning operation has been studied. In the experimental investigations, heat treated mild steel and 
normal mild steel has been considered as two work materials. Turning operation tests were conducted using lathe machine with automatic 
feed at room temperature in dry condition. It has been observed that machinability responses with the combined effect of magnetic field 
and heat treatment gives significant improvement compared to normal machining process in non heat-treated mild steel. The obtained 
improvement reflects the feasibility of using this technique as a cost effective turning processes. 
© 2012 The authors, Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Bangladesh Society 
of Mechanical Engineers 
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1. Introduction 
In machining process using lathe machine, the removal of material from the rotating work piece results in the wear of the 
tool as the cutting operation proceeds. Tool wear leads to the failure of the tool which affects the cost of manufacturing 
process. Improving tool life has been the active area of study for quite a long time in order to decrease the cost of machining 
process. The good machinability factors such as surface roughness, tool life etc. is an important parameters for high 
precision products. The behavior of chips produced during machining process are also considered as an important factor of 
machinability. The temperature variation in the cutting contact zone plays a role for the tool life and the surface roughness 
[1-3]. During turning process the maximum tool wear (VB max) shows a linear relation with cutting distance after initial rapid 
wear [4]. 
Annealing is a process in which a metal is heated to a particular high temperature, held there for a period of time and 
allowed to cool slowly. Metals are generally annealed at a temperature slightly above the point at which re-crystallization 
occurs. Annealing is concerned with rendering steel soft, increasing ductility and alleviating internal stresses for better cold 
work or machining. Annealing also increases toughness and homogeneity of metals [3-5]. Machining of annealed work 
piece leads to better tool life and reduced surface roughness [3]. In this study, heat treated mild steel and normal mild steel 
have been taken as two work materials. For the improvement of tool life and surface of the product, the application of 
magnetic field has proved to have significant effect. The correlation has been established where increasing magnetic field 
strengths correspond to better tool life [1-2].  The temperature rise during magnetic cutting is higher than that for cutting 
without magnet. It has been observed that the increase in magnetic field intensity results in further increase in temperature at 
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the contact of tool and the work piece. In this paper, external magnetic field is applied during cutting a heat treated work 
piece and the results of corresponding tool wear, surface roughness, temperature variations and chip morphology have been 
studied.  
 
2. Details of experiment 
The work piece used in this experiment is mild steel (carbon content of 0.25%) of 40 mm diameter. After the annealing 
process the hardness of heat treated work piece has reduced significantly. The turning operation has been carried out in 
precision lathe (Gate INC. Model-L-1/180) under dry cutting condition. The process flow diagram of the experiment is 
shown in figure 1. The different equipments for preparation, testing and analysis of different parameters like hardness 
testing machine, optical metallurgical microscope (KRUSS, model MMB 2300) and the heat treatment furnace used in the 
experiment are shown in figure 2. 
 
 
 
 
 
 
 
 
 
Fig. 1. Process flow diagram and result analysis of the results 
 
 
 
Fig. 2. (a) Heat treatment furnace, (b) Rockwell hardness testing machine, (c) Optical metallurgical microscope set up 
    
Three cases have been considered for conducting the experimentation during turning operations. In the experiment, non heat 
treated work piece without magnet, non heat treated work piece with magnet, heat treated work piece with magnet have 
been investigated for machinability responses. The experimental setup and the dimension of the tool holder with insert are 
shown in fig. 3. 
 
 
 
Fig. 3. (a) Experimental setup used to study the machining responses during magnetic field assisted turning process, (b) tool holder and insert 
 
The cutting tool insert used in this experiment is coated Tungsten Carbide insert. The cutting condition was selected as feed 
0.095 mm/rpm (automatic), depth of cut 0.5 mm and cutting speed 530 rpm. Tool wear was observed using optical 
microscope at each 200 mm cut of the work piece. To measure the surface roughness, an image processing technique was 
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used developed by Anayet U. Patwari et al [6-7]. The process flow to determine a linear regression calibration curve for 
machined surface using digital image processing technique and the process flow to determine the surface roughness of the 
machined surface is developed by the authors is shown in fig. 4. 
 
   
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. (a) Flow diagram of the steps to determine a linear regression calibration curve, (b) Flow diagram of the steps to develop 3-D contours and 
surface roughness. 
 
The mathematical definition of average surface roughness, Ra, was found which is equivalent to half of the mean 
difference in heights between the asperities and troughs of rough surface. The equation is as follows: 
 
 
 
The rise in temperature after cutting 150 mm of the work piece has been recorded using a thermo couple based digital 
thermometer, the junction of which was closely attached to the minor cutting edge of the insert, close to the contact point of 
the tool insert and the work piece. 
The chips formed during turning were investigated and it has been found that at some specific cutting conditions chip 
formation presents extreme cases of secondary and primary chip serration. Firstly, the chip at different cutting conditions 
were collected, labeled and kept accordingly. Then each chip was mounted using a mixture of resin and hardener. The 
mixture was stirred for about one minute and left to solidify. The solidified mixture is called mounting. The next step is to 
grind the mounting surface in order to reveal the chip to the surface. Finally, Nitol is applied to the surface to reveal the 
grain boundaries of the ferrite and pearlite. Then the mounting is ready to be viewed under the microscope to capture the 
structure of the chip. 
3. Result and discussion 
3.1 Tool life comparison 
The pictures of the tool wear taken by the microscope are further processed to measure the tool wear. One sample set of 
picture of tool wear taken after 600 mm of the work piece is shown in fig.5 for all three conditions of cutting. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. (a) tool wear in cutting normal work piece without magnet, (b) tool wear in cutting normal work piece with magnet, (c) tool wear in cutting heat 
treated work piece with magnet 
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From the results obtained for surface roughness, it is observed that the surface produced from machining mild steel by 
applying external magnetic field has less roughness than that produced by machining the work piece without any magnetic 
field applied. It can be also deduced that the surface improves further when the work piece is pre-heat treated along with the 
application of magnetic field. 
3.3 Temperature variation at different conditions 
The rise in temperature after cutting 150 mm of the work piece for 0.5 mm depth of cut with 530 rpm has been 
investigated for the different cutting conditions. The temperature recorded at different conditions is shown in fig. 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.7. Temperature rise for turning non heat treated and heat treated work piece, with and without magnet 
 
The application of external magnetic field during machining of mild steel results in the rise in temperature at the contact 
point of the tool and the work piece [1]. This trend is seen in our study also. Since annealing is carried out to soften the 
material, there is a decreasing tendency of the cutting temperature during machining of annealed work piece than that for 
machining non heat treated work piece. However, when external magnetic field is applied during machining of annealed 
work piece, temperature is higher. This study emphasizes on the change in machinability responses in softening mild steel. 
The increased temperature during electromagnet assisted cutting process contributes to the post hardening of the work piece 
during machining operation. Thus the annealing method resulting in improved tool life compensates the hardening of the 
work piece cost. 
3.4 Chip morphology: 
Continuous chip is produced from turning normal mild steel by applying external magnetic field whereas the chips produced 
during machining of normal mild steel without any magnetic field are serrated and discontinuous.  
       Table 3. Results obtained by analyzing the chips from different condition of machining 
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However when the work piece is heat treated and machined with the application of external magnetic field, the continuity 
of the chips increases further. The results obtained by carrying out chip morphology are shown in table 3. 
  The microscopic view of the chips shows that the teeth of serrated chips are larger in size and this size gradually 
decreases from non magnetic cutting to magnetic cutting which is improved more when a heat treated mild steel is used as 
the work piece materials.  
From the chip morphology study it has been observed that the serrated behavior of chip has been reduced with the 
combined effect of heat treatment and magnetic field. Surface roughness is often concerned with the adhesion of work 
material to the tool face. Applying magnetic field reduces this adhesion and produces better surface roughness which is 
indicated by continuity of chips. 
The cross sectional view shows that the teeth formed are smaller in size when magnetic field is applied. This is clear 
indication of reduction in the amplitude of chatter vibration which results in improved tool life and better surface quality. 
4. Conclusion 
Significant improvement of machinability factors by using heat treated work piece along with external magnetic field has 
been achieved in this study. By analyzing all the results the following conclusions can be drawn.  
  Combined effect of magnetic field and heat treatment leads to significant improvement in tool life than that of 
machining of normal work piece. The maximum tool wear VB max (~0.3 mm) has been reached after cutting 600 
mm in case of non heat treated work piece without magnet, 1000 mm in case of non heat treated work piece 
with magnet. And in case of cutting with heat treated bar with magnet, the maximum tool wear occurs after 
cutting the length which is beyond 1000 mm. 
  The surface is more polished when magnetic field is used in machining of heat treated work piece than the other 
two cases. About 20% improvement in surface roughness has been obtained by applying magnetic field in 
cutting annealed work piece comparing to the surface obtained for normal machining and about 15% 
improvement in roughness is obtained comparing to magnetic cutting of normal mild steel 
  Temperature rises with the application of external magnetic field, but it decreases in case of heat treated work 
piece. 
  Serrated behavior of chips has been reduced in case of magnetic field assisted turning operation of heat treated 
mild steel. 
      This process may be applied to other materials of different strengths for investigating the change in 
machinability responses due to the application of magnetic field or annealing process before machining 
operation. 
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